INTRODUCTION
Single-celled protists play an important role in marine food webs, and probably have since the Precambrian (Fenchel 1987 , Capriulo 1990 , Lee & Anderson 1991 , Anderson 1994 , Lipps & Culver 2002 . They are of central importance in pelagic ecosystems (the 'microbial loop'), where research has focused almost exclusively on ciliated and flagellated protists (Azam et al. 1983 , Sherr & Sherr 1984 , Azam 1998 . The ecological roles of protists in benthic food webs are probably equally important, but have received less research attention (Lipps & Culver 2002) .
Foraminifera are amongst the most abundant known protists found in marine habitats, sometimes numbering well over a million m -2 (Lipps 1983 , Gooday 1994 . They occur in all of the world's oceans from the tropics to the poles, and at all depths. Approximately 4000 extant morphologically defined species are known, of which all but 42 are benthic (Lipps 1983 , Culver 1993 .
Foraminifera are ecologically important constituents of the benthic meiofauna. Altenbach (1992) estimated from laboratory microcosm experiments on deep-sea taxa that benthic foraminifera ingest 6 to 10% of the total organic flux to the sediment surface. In turn, foraminifera are prey for many marine invertebrates and vertebrates (such as holothuroids, deep-sea scaphopods and coral reef fish), and are the chief food source for some of them (Lipps 1983 , 1988 , Langer et al. 1995 , Lipps & Culver 2002 . Benthic foraminifera are thus a link between low and high trophic levels and are important in the cycling of organic matter and organic carbon (Lipps & Valentine 1970 , Gooday 1992 .
In the deep sea, foraminifera respond rapidly to food inputs, possibly even more so than meiofaunal metazoans (Gooday 1994) . Deep-sea foraminifera living in areas of both high and low inputs of organic matter exhibit unique metabolic responses, with taxa living in areas of periodic pulses of organic matter able to rapidly change their metabolic response by quickly increasing their ATP turnover rates (Linke 1992) . These studies indicate that foraminifera may exploit organic matter more quickly and in a different way than the other meiofauna, and that different species may have different responses to food inputs depending on their natural environment, feeding strategy and energy cycling.
Estuaries are particularly vulnerable to environmental degradation from human activity as many urban areas are located near or adjacent to estuaries (Havens & Aumen 2000 , Rogers & McCarty 2000 , Kennish 2002 ). Benthic meiofauna, including foraminifera and other non-metazoan organisms, are an often overlooked component of estuarine communities whose populations may be closely linked to environmental fluctuations, and therefore they may be indicators of habitat degradation or useful research tools for monitoring estuarine ecosystems (Yanko et al. 1998 , Kennedy & Jacoby 1999 , Bresler & Yanko-Hombach 2000 , Coccioni 2000 , Hallock 2000 , Samir 2000 , Schratzberger et al. 2000 , Lee et al. 2001 , Samir & El-Din 2001 . A better understanding of the relationship between benthic foraminifera and environmental parameters in estuaries will contribute to our knowledge of ecological relationships and environmental change in coastal and estuarine ecosystems (Murray & Alve 2000) .
South San Francisco Bay, California, USA, is a highly seasonal estuarine system characterized by yearly, predictable blooms of primary production in the water column (Cloern 1996) . This seasonality makes it an ideal system in which to study the relationships between primary production, organic matter fluxes, and food resources for the benthos. Research has documented increases in growth rates of benthic macroinvertebrates during and following phytoplankton blooms in South San Francisco Bay (Nichols & Thompson 1985 , Thompson & Nichols 1988 . No quantitative studies have been done in the bay on the seasonal relationship between primary production, sediment organic matter, and the ecology of benthic meiofauna or benthic protists.
There have been several studies of foraminiferal distributions in San Francisco Bay (McDonald & Diediker 1930 , Bandy 1953 , Arnal & Conomos 1962 , Means 1965 , Slater 1965 , Quinterno 1968 , Locke 1971 , Arnal et al. 1980 . Some of these workers have suggested that organic carbon, salinity, substratum type, and substratum pH were factors determining the distribution of Rose Bengal stained foraminiferal populations (Quinterno 1968 , Arnal et al. 1980 . No information on the variability of living foraminiferal populations over time has been available for San Francisco Bay. I present a 2 yr, monthly time series of the abundance of Rose Bengal stained foraminifera, environmental parameters, and potential food resources in South San Francisco Bay. The goal of this study was to test the hypothesis that benthic foraminiferal populations in South San Francisco Bay exhibit patterns correlated with seasonal changes in water column primary production and benthic organic matter.
MATERIALS AND METHODS
Study site. San Francisco Bay is the largest estuary on the Pacific Coast of the Americas, with a surface area of 1240 km 2 . It is a shallow, turbid embayment with an average depth of only 6 m at mean lower low water (Conomos et al. 1985) . San Francisco Bay consists of 2 hydrologically distinct (but connected) subsystems (Conomos 1979) (Fig. 1 (Fig. 1) . Stn 25 has an average depth of 8.8 m at mean lower low water, and the surface salinity ranges from 15 to 32 PSU from the rainy to the dry season
1
. Stn 25 is close to the San Bruno Shoal, an important bathymetric feature of South Bay that affects the exchange between Central San Francisco Bay and the southern part of South Bay (Fig. 1) .
San Francisco Bay experiences pronounced cyclic fluctuations in primary production; South San Fran-cisco Bay is characterized by marked spring phytoplankton blooms, caused by increased water column stratification after winter rains, and decreased tidal mixing during March and April neap tides (Cloern 1996) . These blooms are amongst the most ecologically important characteristics of seasonal cycles in the bay, and have a major effect on the chemical and biological processes in San Francisco Bay (Cloern et al. 1985) .
Sampling. Sampling was carried out on monthly cruises for a 2 yr period from November 1999 through November 2001 in cooperation with the United States Geological Survey on the RV 'Polaris' (Table 1) .
Water column data were collected using a CTD with sensors for measuring: depth (Paroscientific pressure transducer), conductivity (Sea-Bird Electronics-4 conductivity sensor), temperature (Sea-Bird Electronics-3 thermistor), and chlorophyll (Sea-Tech in vivo fluorometer). Sediment and benthic foraminiferal samples were collected using a 0.10 m 2 Van Veen grab. A Van Veen grab was determined to be an appropriate sediment sampler in this study because the depth of sampling was shallow (less than 9 m). The sediment-water interface appeared undisturbed and the overlying water was clear when the sediment and foraminiferal samples were taken from the grab.
Collection and analysis of sediment parameters. Five sediment parameters were measured: sediment chlorophyll a, sediment bacterial abundance, sediment amino acids, total organic carbon content, and organic nitrogen content of the sediment. The top 1 to 2 cm of surface sediment was collected from a grab sample at each site. Immediately after collection, aliquots of fresh sediment were homogenized briefly, fixed in diluted formalin, and stored at 4°C for later bacterial analysis (Turley & Hughes 1992 . Additional aliquots of fresh sediment for chlorophyll analysis were stored in the dark at 4°C, and each sample was processed within 24 h. The remainder of the sediment was frozen at -20°C, freeze dried, and stored at room temperature for use in analyses of sedimentary amino acids, total organic carbon (TOC), and organic nitrogen.
Total sediment bacterial abundance was measured using the Acridine Orange, direct-counting method modified from several other studies (Hobbie et al. 1977 , Velji & Albright 1986 , Van Duyl & Kop 1990 , Velji & Albright 1993 . Sediment chlorophyll was extracted in acetone using the methods of Levinton & McCartney (1991) and read on a Turner Design 10-AU fluorometer.
All freeze-dried sediment was sieved through a 500 µm sieve before analysis to remove large shell fragments and other debris. Enzyme hydrolyzable amino acid (EHAA) concentrations of sediments were determined using the methods of Mayer et al. (1995) . Total sediment organic carbon and nitrogen were determined using a Fisions NA 1500 series 2 CN analyzer using acetanilide and atropine as standards. Sediment was acidified with 0.3 M HCl to remove carbonates prior to carbon and nitrogen analysis.
Collection and analysis of foraminiferal samples. Samples of the top 1.0 cm of sediment were collected every month for foraminiferal analysis. Only the upper 1 cm was sampled after preliminary research at the field sites suggested that the great majority of living foraminifera in this system are found in the upper 1 to 2 cm, and based on other workers' findings that upwards of 71% of all living foraminifera in the upper 2 cm of sediment in the field in a cold water/temperate site (Barmawidjaja et al. 1992) . Single samples were taken for the first 5 mo of the study, but replicate samples were collected every month thereafter. Foraminiferal samples were collected from the Van Veen grab using a short plastic core tube. The top 1.0 cm of sediment was sliced from the core and deposited into a jar containing a solution of 10% formalin (buffered with sodium borate) to which Rose Bengal stain had already been added to a concentration of 1.0 g l -1
. Rose Bengal stain was chosen as the most practical method for determining the presence of live foraminifera for this study because it would produce results that could be compared to other similar studies . The entire volume of sediment collected for foraminiferal analysis for each replicate was 12.5 cm 3 . Each sample was stored at 4°C in the laboratory and allowed to stain for 1 wk. Each sample was then washed over a 63 µm sieve and air dried. While some workers prefer to pick wet samples because the staining is more obvious (Corliss 1985) , in this study, dried foraminifera (which can be sorted more quickly) were moistened if there was any question as to the extent of staining. Drying can affect the preservation of softwalled foraminifera. However, in preliminary sampling, in which samples were wet-picked, few, if any, soft-walled forms were found at these sites. Furthermore, drying samples did not affect preservation of agglutinated forms such as Trochammina hadai Uchio. At the beginning of the study, approximately 15 dried samples were floated in sodium polytungstate to separate some of the sediment from the foraminifera. Floatation was abandoned after 15 samples, however, because of the possibility of sample loss due to repeated drying before and after floatation. The remainder of the 48 total samples processed was counted without flotation. The number of stained foraminifera in each 12.5 cm 3 sample was counted. Species diversity was calculated using the H '(S) diversity index derived from Shannon-Wiener, and Simpson's index of diversity (1/D) (Simpson 1949 , Hill 1973 , Murray 1991 . Shannon-Wiener is a mean diversity measurement of species composition. The calculation is affected by richness of species and by the distribution of individuals among the species (species composition) (Hill 1973 , Murray 1991 . The H '(S) diversity index, derived from Shannon-Wiener, has been used by other foraminiferal workers in similar studies (Murray 1991) , and I used it so this index could be used as a comparison tool between my site and other sites. I used the Simpson's index of diversity because Simpson's index is less sensitive to the presence of rare types, and I felt it important to compare the H '(S) index with an index that was less affected by rare taxa (Simpson 1949) .
Total biovolume was estimated for each sample by calculating individual test volume using an eyepiece micrometer on a Zeiss microscope (at magnification of 25 to 40×) and from scanning electron microscope (SEM) images. As many stained individuals as possible of each species were measured, depending on the 
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standing crop of foraminifera in each sample; at least 20 individuals were counted when possible. The unit volumes were calculated, averaged, multiplied by the number of individuals per species, and summed to give total biovolume estimates in mm 3 per unit volume sediment (Murray 1973 (Murray , 1991 . Measurements of test and calculations of biovolumes were calculated using the methods of Murray (1973 Murray ( , 1991 .
RESULTS

Environmental parameters
Water column values are averages through the entire water column. Water column temperature ranged from 10 to 20°C and salinity ranged from 18 to 32 PSU during the study period ( in November and December 2000, respectively (Fig. 2) .
Peaks in sediment parameters lag peaks in water column chlorophyll a by 1 to 4 mo (Fig. 3) . Sediment parameters generally peaked in the spring/ summer, and in fall 2001 (Fig. 3) . C:N ratios of sediment ranged from 0.4 to 13.5, with lowest values in late summer and fall 2000 and peaks in the spring of both years (Fig. 4) .
Foraminiferal population
Taxonomy
All 11 species found in this study are common on the west coast of the USA and have been reported in other studies of California and San Francisco Bay foraminifera (Fig. 5, Table 1 ) (Lankford & Phleger 1973 , Arnal et al. 1980 , McCormick et al. 1994 . The samples examined for this study contained a population of hundreds of individuals with morphologies similar to published descriptions of Fursenkoina pontoni (Cushman) (Cushman 1932 , 1933 , Lankford & Phleger 1973 . However, there were 2 distinct morphotypes in this population, ranging from those characteristic of F. pontoni to those characteristic of Hopkinsina pacifica (Cushman) with no discernable break between morphotypes (Fig. 5j,k ) (Cushman 1932 , 1933 , Lankford & Phleger 1973 . I chose to call this population Fursenkoina pontoni (Cushman) to be consistent with other foraminiferal workers in San Francisco Bay; I call the 2 different morphotypes Fursenkoina pontoni forma a and Fursenkoina pontoni forma b (Fig. 5j,k) Water column salinity (Table 1 , Fig. 4 ). The total standing crop pattern at Stn 25 showed seasonal cycles: total standing crop peaked during the spring of both study years, and showed a large peak in the fall of 2001 (Fig. 4) .
The total standing crop was dominated by Fursenkoina pontoni, which constituted 39% of all the individuals counted in this study. The other dominant taxa were Bolivina striatula Cushman, B. vaughani Natland, and Trochammina hadai Uchio, at 13, 11 and 10% of all individuals, respectively. (Fig. 6) . The increase in total standing crop during these months is largely due to the increase in F. pontoni (Figs. 6 & 7) . B. striatula and B. vaughani also showed repetitive seasonal patterns, with peaks in spring 2000 and 2001 and in fall 2001 (Fig. 6) . T. hadai did not have a discernible seasonal pattern, although standing crop also peaked in the spring of both years (Fig. 6) . However, in fall 2001, when other dominant taxa increased in standing crop, T. hadai standing crop decreased.
Ammonia beccarii and Bulimiella elegantissima standing crop also showed seasonal patterns. These taxa constituted 7 and 8% of total individuals, respectively. Both taxa also increased in spring 2000, spring 2001, and fall of 2001 (Fig. 8) . In the spring and fall of 2001, all of the stained A. beccarii present in the samples were juveniles. (Figs. 4 & 7) . However, the lowest total biovolume occurred in fall 2001 when the highest standing crop values were found, due to the dominance of the small-sized F. pontoni during those months.
Species diversity
Eleven total live species were recorded at Stn 25 during this study (Table 1) (Fig. 9) . The H '(S) diversity index showed a similar pattern to species numbers; these 2 measures showed significant statistical positive correlation with each other (Pearson correlation, α = 0.05, p ≤ 0.001). Simpson's index of diversity (1/D) also showed a pattern similar to species numbers, except for an increase in Simpson's index between September and November 2001 when species number was decreasing (Fig. 9) . Simpson's 1/D index did not show any significant statistical correlation with species diversity or H '(S) index.
Relationship between foraminifera and environmental parameters
Total standing crop and the standing crops of individual taxa did not show any significant statistical correlation with either water column temperature or salinity. Fursenkoina pontoni standing crop was positively correlated with all sediment parameters (median smoothed data) except bacteria; F. pontoni standing crop was significantly statistically correlated with sediment TOC (p = 0.002), sediment total nitrogen (p = 0.014), and sediment amino acids (p ≤ 0.001) (Table 3 , Pearson correlation, α = 0.05). Total foraminiferal biovolume was negatively correlated with water column salinity (Pearson correlation, α = 0.05, p ≤ 0.001). Total foraminiferal standing crop was positively correlated with water column chlorophyll levels (cross correlation analysis, α = 0.05, p ≤ 0.001); total foraminiferal standing crop lagged water column chlorophyll by 5 mo.
The sediment time series and foraminiferal standing crop data were smoothed using a running median smooth and tested the smoothed data for correlations between parameters. Foraminiferal total standing crop was positively correlated with sediment TOC (p = 0.024) and sediment amino acids (p = 0.023) (Table 2, SYSTAT v. 10.2.01, Pearson correlation, α = 0.05). Biovolume was not correlated with sediment or water column parameters. Foraminiferal standing crop was highest in the spring, coinciding with high C:N ratios, and lowest in the summer and fall when C:N ratios were also lowest (Fig. 4) . However, foraminiferal standing crop was not correlated with sediment C:N ratio. Total foraminifera (Fig. 4) . Foraminiferal biovolume did not show significant statistical correlation with sediment C:N ratio.
DISCUSSION
Environmental seasonality
The environmental data presented here are characteristic of a seasonal system in terms of both biotic and abiotic factors. There was strong seasonality in water column primary production, which is characteristic of phytoplankton bloom dynamics in South San Francisco Bay (Cloern et al. 1985 , Powell et al. 1989 , Cloern 1996 , Lucas et al. 1999 . Water column chlorophyll a increased 7-fold in April 2000 and 10-fold in March 2001 (Fig. 2) . The fall 2000 data, which reveals a large increase in water column chlorophyll a, do not show patterns that are typically observed in South Bay (Cloern 1996) . The causes of these extreme chlorophyll peaks in the fall in South Bay are unknown at present. One possible explanation is that high rainfall in October 2000 may have increased water column stratification that resulted in a phytoplankton bloom 2 . San Francisco Bay is a shallow estuary, and coupling between processes in the water column and benthos has been documented (Nichols & Thompson 1985 , Grenz et al. 2000 , Guarini et al. 2002 . The seasonality in water column production is also evident in the sediment organic matter data presented here. Sediment chlorophyll a, TOC, nitrogen, and amino acids all exhibited seasonal peaks that followed peaks in water column chlorophyll by 2 to 4 mo. Sediment bacterial abundance was more variable and did not exhibit clear seasonal patterns. Many factors affect bacterial populations (Austin & Findlay 1989) , and bacterial abundance is a function of organic matter availability, growth rates, and predation. Bacterial abundance also does not reflect changes in bacterial community composition (Austin & Findlay 1989) . 
Foraminiferal population and environmental parameters
Previous studies have documented links between benthic foraminiferal populations and cycles in food supply and/or levels of organic matter, and have found evidence that benthic foraminifera are efficient at quickly exploiting food resources, both in shallow and deep water environments (Buzas 1969 , Lee & Muller 1973 , Arnal et al. 1980 , Erskian & Lipps 1987 , Alve & Murray 1994 , Kitazato & Ohga 1995 , Ohga & Kitazato 1997 , Altenbach & Struck 2001 , Murray 2001 ). Foraminiferal populations have been shown to increase in response to blooms in primary production (Lee et al. 1966 , Lee & Muller 1973 , Erskian & Lipps 1987 , Alve & Murray 1994 . In South San Francisco Bay, I found that both total foraminiferal standing crop and the standing crops of individual taxa (and to a lesser extent, total biovolume) exhibit seasonal cycles similar to those of sediment organic matter levels. Fluctuations in benthic foraminiferal populations in this system appear to be closely tied to cycles in food resources. The data strongly suggest that foraminifera are important consumers of sediment organic matter in this system, and may play a significant role in remineralizing nutrients in the San Francisco Bay benthos.
Total foraminiferal standing crop was positively correlated both with water column chlorophyll (with a time lag) and sediment TOC. Therefore the question remains: are benthic foraminifera at this site feeding on organic matter of water column origin, or organic matter produced in situ by benthic macroalgae, or both? C:N ratios can give us some information about the quality of this sediment organic matter. Fresh material has lower C:N ratios than detrital material (fresh phytoplankton usually has a ratio of approximately 7.0 to 7.5, while detritus usually has a C:N of 20 to 30) (Hedges et al. 1988) . The highest sediment C:N ratios occurred during or after spring or fall phytoplankton blooms, and the lowest C:N ratios occurred during times of low water column chlorophyll levels (Figs. 2 & 4) . This suggests that material sedimented to the benthos following phytoplankton blooms is not fresh material and was reworked in the water column. San Francisco Bay in general is known to be a lightlimited system (Cloern 1996) . The samples for this study were collected in the deeper channel, so it is likely that all the chlorophyll a in channel sediments is the result of sedimentation from the water column, rather than in situ production by benthic microalgae. Nichols & Thompson's (1985) , study of benthic microalgae found that the benthic microalgal assemblage was comprised largely of phytoplankton cells that settled to the bottom following the South Bay bloom, supporting the idea that water column is the source of benthic chlorophyll to channel sediments. This suggests that benthic foraminifera in San Francisco Bay may be exploiting a food resource consisting largely of detrital, water column derived material.
In searching for 1 environmental parameter that may be measured to represent available food sources for benthic foraminifera, many workers have investigated the correlation between foraminiferal populations and sediment TOC, but some investigators have found poor correlation between foraminiferal abundance and organic carbon (Setty & Nigam 1982 , Qvale & Van Weering 1985 , Alve & Murray 1997 . Other workers have suggested that measuring sediment chlorophyll may be the best proxy for food supply (Buzas 1969 , Erskian & Lipps 1987 , Altenbach & Sarnthein 1989 , Murray & Alve 2000 . Some workers have measured multiple potential food resources including sediment amino acids (Kroencke et al. 2000) . Many different food sources and feeding strategies have been reported for benthic foraminifera, including selective ingestion of bacteria, deposit feeding, suspension feeding, detritivory and scavenging, and update of dissolved organic material (Muller & Lee 1969 , Delaca 1982 , Lipps 1983 , Goldstein & Corliss 1994 . Therefore, a wide range of organic matter types are potential food resources for benthic foraminifera, and different types of food are probably important to benthic foraminifera in different marine environments and at different times of year. In this study, total standing crop was positively correlated with sediment TOC and amino acids (Table 2) , and the standing crop of Fursenkoina pontoni was positively correlated with TOC, total nitrogen, and amino acids (Table 3) . These results suggest that measurement of as many potential food resources as possible are needed to gain a total picture of food supply for benthic foraminifera.
In the present study, peaks in foraminiferal standing crop and biovolume in San Francisco Bay coincided with changes in water column temperature and decreases in water column salinity (Figs. 2 & 4) ; biovolume was statistically negatively correlated with salinity. Therefore, the direct or indirect influence of abiotic environmental factors cannot be ruled out. In a non-seasonal study of foraminiferal distribution in San Francisco Bay, Arnal et al. (1980) suggested that salinity was a factor influencing the distributions of Buliminella elegantissima, Hopkinsina pacifica, and perhaps Bolivina vaughani. Jones & Ross (1979) measured 11 environmental parameters and found that foraminiferal populations in Samish Bay, Washington, USA, showed a significant statistical relationship with water temperature, salinity, total dissolved phosphates, dissolved nitrogen, and substrate type. This suggests that investigating many different lines of evidence (includ-ing both water column and sediment parameters, biotic and abiotic factors) may be the most effective research methodology.
Comparisons of patterns in dominant taxa
Fursenkoina pontoni was dominant in terms of total individuals over the entire study. Its dominance increased from being approximately 10 to 20% of all individuals between December 1999 and December 2000, to being as much as 75% of all individuals after February 2001 (Fig. 7) . This increase in percentage coincided with very large fall 2000 and spring 2001 phytoplankton blooms that deposited a large amount of organic matter in the sediment and resulted in a sustained increase in sediment organic matter and C:N ratio (Figs. 3 & 4) . In other studies, Fursenkoina populations have been linked with pollution, high organics, and low oxygen levels (Seiglie 1974 , Setty & Nigam 1983 , Resig et al. 1995 . Benthic foraminiferal population distributions have been linked to interstitial dissolved oxygen levels (Shiba 1986 , Levin et al. 1991 , Moodley & Hess 1992 , Moodley et al. 1993 . In this system, as in other environments, high levels of sediment organic matter may increase microbial activity in the sediment and thus result in a decrease in pore water dissolved oxygen concentrations (Upton 1993 ). I did not measure sediment pore-water dissolved oxygen levels, so I cannot differentiate between an F. pontoni response to high organic matter levels versus low dissolved oxygen levels. Other species found at this site have not been linked with low dissolved oxygen levels. Thus, the fact that most other dominant species also increased coincidentally with F. pontoni lends support to the hypothesis that organic matter levels (not low oxygen levels) were responsible for the standing crop increase.
In September 2001, when sediment chlorophyll a levels were the highest for the whole study, Fursenkoina pontoni increased dramatically. Bolivina vaughani and B. striatula increased as well (Fig. 6) . However, Trochammina hadai decreased in September 2001 and then disappeared from samples altogether in October and November 2001 (Fig. 6) . T. hadai is an exotic species that was introduced to San Francisco Bay from Japan by unknown anthropogenic means, and has become extremely abundant at some sites in the bay, possibly contributing to the decline of other, native foraminiferal taxa (McGann & Sloan 1996 , McGann et al. 2000 . F. pontoni numbers were relatively low until a huge increase in 2001. F. pontoni may have slow rates of population growth until there is a pulse of food, or may be able to quickly exploit blooms of production or increase in numbers rapidly when environmental conditions are optimal, as has been found with some other foraminiferal taxa (Matera & Lee 1972 , Lee & Muller 1973 , Linke et al. 1995 . However, the decline of T. hadai in this study in fall 2001 indicates that it may be outcompeted under some circumstances. Other 141 studies on the west coast of the USA have found that some foraminiferal taxa bloom at certain times of year (Jones & Ross 1979) . In a similar study in a Swedish fjord ecosystem, Stainforthia fusiformis (which is morphologically very similar to F. pontoni), increased in population by 7 times during 1 mo following food input from the spring phytoplankton bloom. (Gustafsson & Nordberg 2001) .
CONCLUSIONS
Data are presented here from a 2 yr, monthly study of stained benthic foraminiferal populations, along with water column chlorophyll and sediment organic matter abundance, in South San Francisco Bay. The data strongly suggest that benthic foraminifera increase in numbers following phytoplankton blooms when many kinds of sediment organic matter also increase. Foraminiferal biovolume does not necessarily follow this pattern, especially when peaks in standing crop mainly consist of small-sized individuals. Previous work suggests that benthic organic matter in the San Francisco Bay channel is sedimented from the water column; this, along with C:N ratios of the sediment, suggests that these benthic foraminiferal populations are exploiting a detrital food source. Thus, foraminifera are probably quick to exploit sediment organic matter, and may be important remineralizers of nutrients in this system. More research is needed to investigate the ecological and physiological processes underlying the patterns documented here in foraminiferal populations. Future benthic foraminiferal research needs include laboratory experiments on feeding, research into environmental optima for each taxon, and work on metabolic and physiological ecology. 
